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ABSTRACT

Analysis of the Upper Jurassic Naknek 
Formation in the Talkeetna Mountains, 
Alaska, documents synorogenic sedimenta-
tion in a forearc basin along the outboard 
(southern) margin of the allochthonous 
Peninsular terrane during accretion to the 
western North American continental mar-
gin. New geochronologic, sedimentologic, 
and compositional data defi ne a two-part 
stratigraphy for the Naknek Formation. 
Microfossil, megafossil, and U-Pb clast ages 
document early Oxfordian to early Kimmer-
idgian deposition of the lower 690 m of the 
Naknek Formation and early Kimmeridgian 
to early Tithonian deposition of the upper 
225 m of the Naknek Formation. Lithofa-
cies and paleocurrent data from the lower 
Naknek Formation demonstrate initial depo-
sition on a high-gradient, southward-dipping 
basin fl oor. Submarine mass fl ows deposited 
poorly sorted, cobble-boulder conglomerate 
in proximal fan-delta environments. Grav-
elly mass fl ows transformed downslope into 
sandy turbidity currents on a muddy pro-
delta slope. During early Kimmeridgian to 
early Tithonian time, fan-delta environments 
were replaced by lower gradient marine shelf 

environments characterized by deposition of 
cross-stratifi ed sandstone and bioturbated 
mudstone. Source-diagnostic clasts, feld-
spathic sandstone compositions, southward-
directed paleocurrent indicators, and U-Pb 
zircon ages of plutonic clasts (167.6 ± 0.3 Ma; 
166.5 ± 0.2 Ma, 164–159 Ma, 156.2 ± 0.4 Ma) 
indicate that the Naknek Formation was 
derived primarily from volcanic and plutonic 
source terranes exposed along the northern 
basin margin in the southern Talkeetna 
Mountains. Geologic mapping documents the 
Little Oshetna fault, a newly identifi ed north-
ward-dipping reverse fault that bounds the 
northern margin of the Naknek Formation in 
the Talkeetna Mountains. The concentration 
of boulder-rich mass-fl ow deposits in the foot-
wall of the fault in combination with geochro-
nologic and compositional data suggest that 
sedimentation was coeval with Late Jurassic 
shortening along the fault and exhumation of 
plutonic source terranes exposed in the hang-
ing wall of the fault. From a regional perspec-
tive, coarse-grained forearc sedimentation 
and pluton exhumation along the outboard 
(southern) segment of the Peninsular terrane 
were coeval with crustal-scale shortening and 
synorogenic sedimentation in retroarc basins 
along the inboard (northern) margin of the 
Wrangellia terrane (Kahiltna, Nutzotin, and 
Wrangell Mountains basins). We interpret 
the regional and synchronous nature of 
Late Jurassic crustal-scale deformation and 
synorogenic sedimentation in south-central 
Alaska as refl ecting either initial collision of 
the Wrangellia and Peninsular terranes with 

the former continental margin of western 
North America or amalgamation of the two 
terranes prior to collision.

Keywords: Alaska, forearc basin, Naknek 
Formation, Peninsular terrane, sedimentol-
ogy, Wrangellia terrane.

INTRODUCTION

The Late Jurassic–Early Cretaceous tectonic 
evolution of southern Alaska is critical to the 
ongoing debate concerning the accretionary 
development of the western North American 
Cordillera (e.g., Cowan et al., 1997). The 
Wrangellia composite terrane, one of the largest 
accreted terranes in the Cordillera, consists of 
three tectonostratigraphic terranes: the Penin-
sular, Wrangellia, and Alexander terranes (PT, 
WT, AT in Fig. 1A; Plafker and Berg, 1994). 
The Alexander and Wrangellia terranes were 
joined together by middle Pennsylvanian time 
(Gardner et al., 1988), positioned ~20–30° south 
of their present latitude during Late Triassic time 
(Plafker et al., 1989; Hillhouse and Coe, 1994), 
and translated northward to moderate paleolati-
tudes by latest Cretaceous time before Eocene 
arrival in Alaska (Hillhouse and Coe, 1994; 
Stamatakos et al., 2001). The Peninsular terrane 
was juxtaposed against the combined Alexander-
Wrangellia terrane sometime between Permian 
and Cretaceous time, but unequivocal cross-cut-
ting relationships with the adjacent Wrangellia 
terrane have not been reported. Moreover, the 
precise timing, nature, and location of initial 
accretion of the  Wrangellia composite terrane 
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Figure 1. (A) Map showing terranes, Mesozoic sedimentary basins, and Mesozoic magmatic arcs of southern Alaska. Tectonostratigraphic 
terranes: PT—Peninsular; WT—Wrangellia; AT—Alexander; PZ—undifferentiated, mostly Paleozoic metamorphic rocks of the Yukon 
Tanana terrane. Jurassic-Cretaceous basins: NB—Nutzotin; WB—Wrangell Mountains; MB—Matanuska Valley–Talkeetna Mountains; 
PB—Alaska Peninsula; KB—Kahiltna. Cretaceous basin: KS—Kuskokwim. Fault systems: CCF—Castle Mountain–Caribou; BF—Bruin 
Bay; LF—Little Oshetna; TF—Talkeetna; CF—Chitina; BRF—Border Ranges; TWF—Taral–West Fork. Adapted from Nokleberg et al. 
(1994) and Plafker et al. (1994). Jno—small outliers of Upper Jurassic Naknek Formation in western Chugach Mountains. Black polygon 
shows area of Figure 1B. Inset is a smaller-scale political map of the region. (B) Geologic map of the southeastern Talkeetna Mountains. 
LF—Little Oshetna fault; CAF—Caribou strand of the Castle Mountain fault system. Rose diagram represents structurally restored 
paleocurrent data (n = 207) from the Upper Jurassic Naknek Formation. Paleocurrent data include unidirectional indicators (n = 198; clast 
imbrication, planar cross-stratifi cation) and sparse bidirectional indicators (n = 9; groove casts). See Szuch (2002) for raw paleocurrent 
data. Geology modifi ed from Wilson et al. (1998) and Csejtey et al. (1978).
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with the continental margin of western North 
America are controversial (e.g., McClelland et 
al., 1992; Plafker and Berg, 1994; Cowan et al., 
1997). Numerous tectonic models postulate ini-
tial late Early to early Late Cretaceous collision 
based on regional shortening, synorogenic plu-
tonism, and metamorphism along the inboard 
margin (northeastern, present coordinates) of 
the composite terrane (e.g.,  Csej tey et al., 1982; 
Monger et al., 1982; Nokleberg et al., 1985; 
Crawford et al., 1987; Rubin and Saleeby, 1992). 
Other studies propose Middle Jurassic–Early 
Cretaceous collision based on regional pre–Late 
Cretaceous deformation and sedimentation 
(e.g., McClelland and Gehrels, 1990; McClel-
land et al., 1992; van der Heyden, 1992; Kapp 
and Gehrels, 1998; Gehrels, 2001; Trop et al., 
2002; Ridgway et al., 2002). If pre-Cretaceous 
accretionary tectonics infl uenced the Wrangel-
lia composite terrane, existing tectonic models 
may underestimate the duration and amount of 
crustal shortening within the accreted terranes. 
Moreover, understanding relationships between 
terrane accretion and inboard tectonic events 
(i.e., Nevadan and Sevier orogenies) along the 
former western continental margin of North 
America requires improved constraint on the 
paleogeographic history of the Wrangellia com-
posite terrane.

Mesozoic sedimentary strata exposed in 
southern Alaska provide a valuable record of 
basin formation, deformation, and exhumation 
within the Wrangellia composite terrane. Upper 
Jurassic to Upper Cretaceous sedimentary strata 
are regionally exposed between the composite 
terrane and the Mesozoic continental margin of 
North America and have estimated thicknesses 
of 3–10 km (NB, KB, KS, WB in Fig. 1A). 
The position of these strata inboard (northward, 
present coordinates) of Middle to Upper Juras-
sic plutons (MJ-LJ in Fig. 1A) and a Mesozoic 
accretionary prism (CG in Fig. 1A) indicate 
deposition in retroarc basins along a northward-
dipping subduction zone (present coordinates; 
Plafker and Berg, 1994). Sedimentologic, com-
positional, and structural data from the retroarc 
basin deposits document Late Jurassic–Early 
Cretaceous contractile shortening, exhumation, 
and synorogenic sedimentation attributable to 
collision of the Wrangellia composite terrane 
(e.g., Trop et al., 2002; Ridgway et al., 2002; 
Manuszak, 2000). Jurassic-Cretaceous sedi-
mentary strata are also preserved in a forearc 
position (MB, PB in Fig. 1A) between the 
Middle to Upper Jurassic plutons and Mesozoic 
accretionary prism. However, published studies 
of the thick, laterally extensive forearc basin 
deposits in the Talkeetna Mountains (MB in 
Fig. 1A; Jsu in Fig. 1B) are limited to geologic 
mapping (Grantz, 1960a, 1960b) and mega fossil 

studies (Imlay, 1981; Imlay and Detterman, 
1973). This paper presents new geochronologic, 
biostratigraphic, sedimentologic, and compo-
sitional data needed to characterize the age, 
deposystems, provenance, and tectonic frame-
work of Upper Jurassic forearc basin deposits. 
Our results permit integrative analysis of col-
lisional forearc and retroarc basin development, 
document stratigraphic linkages between the 
Peninsular and Wrangellia terranes, and provide 
a potential piercing point for postcollisional 
strike-slip displacement along the Castle Moun-
tain fault, which bisects the forearc basin.

GEOLOGIC SETTING

Middle to Upper Jurassic sedimentary strata 
are part of a 45-km-long outcrop belt north 
of the Castle Mountain fault system in the 
 Tal keetna Mountains (MB in Fig. 1A; Wilson et 
al., 1998) and a 1150-km-long outcrop belt south 
of the fault system along the Alaska Peninsula 
(PB in Fig. 1A; Detterman et al., 1996). Two 
isolated outcrops of Upper Jurassic strata are 
also exposed south of the Castle Mountain fault 
system in the northern Chugach Mountains (Jno 
in Fig. 1A; Barnes, 1962; Pavlis et al., 1988). 
Sedimentary strata were deposited in a forearc 
basin that formed between a coeval batholith to 
the north in the Talkeetna Mountains and Alaska 
Peninsula (MJ in Fig. 1A) and an accretionary 
prism to the south in the Chugach Mountains 
(CG in Fig. 1A; Plafker and Berg, 1994). The 
accretionary prism consists of metamorphosed 
Triassic-Paleogene marine strata and mélange 
that locally have Early to Late Jurassic depo-
sitional and metamorphic ages (Plafker et al., 
1989, 1994; Roeske et al., 1989). Within the 
accretionary prism, the age of deposits, degree 
of structural deformation, and grade of metamor-
phism decrease southward, indicating persistent 
northward-directed subduction (present coordi-
nates; Plafker et al., 1989, 1994). The batholith 
consists mainly of felsic plutons that have 
Middle to early Late Jurassic crystallization ages 
(177–156 Ma; Rioux et al., 2002, 2003). The 
plutons locally intrude the Talkeetna Formation, 
a 3,000-m-thick sequence of lava fl ows, volcani-
clastic rocks, and minor sedimentary strata that 
represent the volcanic edifi ce of an Early Juras-
sic intraoceanic island arc (Talkeetna arc; Barker 
and Grantz, 1982; Nokleberg et al., 1994). The 
Talkeetna Formation and Jurassic plutons repre-
sent the upper structural levels of the allochtho-
nous Peninsular terrane (PT in Fig. 1A).

The Mesozoic forearc-basin stratigraphy of 
the Talkeetna Mountains consists of unconfor-
mity-bound sequences that are dominated by 
marine siliciclastic strata. The Middle Jurassic 
Tuxedni (Bajocian-Bathonian) and Chinitna 

(Bathonian-Callovian) Formations overlie 
volcanic and sedimentary strata of the Lower 
Jurassic Talkeetna Formation along an angular 
unconformity. The Tuxedni and Chinitna For-
mations consist mainly of mudstone and fi ne-
grained sandstone deposited in shallow marine 
deposystems (Grantz, 1960a, 1960b; Winkler, 
1992). The Upper Jurassic (Oxfordian-Kim-
meridgian) Naknek Formation, the focus of 
this study, disconformably overlies the Chinitna 
Formation and consists of a coarse-grained 
sequence of marine conglomerate, sandstone, 
and mudstone (Grantz, 1960a, 1960b; Imlay 
and Detterman, 1973; Imlay, 1981). The Lower 
Cretaceous (Valanginian-Hauterivian) Nelchina 
Limestone, Upper Cretaceous (Albian-Maas-
trichtian) Matanuska Formation, and unnamed 
Paleogene sedimentary and volcanic rocks 
unconformably overlie the Naknek Formation 
(Grantz, 1960a, 1960b; Jones, 1964, 1967; Trop 
et al., 2003; Cole, 2003).

The northern and southern margins of the 
Jurassic forearc basin strata are bound by the 
Little Oshetna and Castle Mountain faults, 
respectively (Fig. 2). The Little Oshetna fault, 
a previously unreported thrust fault, strikes 
northeast-southwest and dips northwest ~55° 
(Fig. 2). The minimum amount of reverse dis-
placement across the fault is ~550 m based on 
the juxtaposition of the lower Talkeetna Forma-
tion in the hanging wall against the uppermost 
Talkeetna Formation and overlying Middle to 
Upper Jurassic sedimentary strata in the foot-
wall (Fig. 2). A substantially larger estimate of 
vertical displacement is permissible given the 
3,000+ m maximum thickness of the Talkeetna 
Formation. Possible horizontal displacement 
along the fault is presently not constrained. 
The Billy Mountain fault, a northern strand 
of the Castle Mountain fault system, bounds 
the southern margin of the study area (Fig. 2). 
Offset Tertiary geologic features and low-
angle slickenlines along the fault zone indicate 
strike-slip displacement. Tens of kilometers of 
Cretaceous-Tertiary dextral strike-slip displace-
ment characterize other segments of the Castle 
Mountain fault system (e.g., Grantz, 1966; 
Clardy, 1974; Fuchs, 1980).

LATE JURASSIC SEDIMENTATION

The Upper Jurassic Naknek Formation, the 
focus of this study, is divided into two informal 
members that include three mappable lithofa-
cies associations (Figs. 2–5; Grantz, 1960a, 
1960b). The lower Naknek Formation has a 
maximum preserved thickness of ~690 m and 
comprises a conglomeratic fan-delta lithofa-
cies association (Jn1) and a laterally equivalent 
prodelta lithofacies association (Jn2). The upper 
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Naknek Forma tion has a maximum preserved 
thickness of ~225 m and comprises a shallow 
marine shelf lithofacies association (Jn3). New 
biostratigraphic, geochronologic, sedimento-
logic, and compositional data presented in the 
following sections permit reconstruction of 
forearc basin deposystems and source terranes 
during Late Jurassic sedimentation.

Biostratigraphic and Geochronologic Data

The age of the Naknek Formation in the Tal-
keetna Mountains was previously interpreted as 
early Oxfordian to early Tithonian (Late Jurassic) 
based on marine megafossils collected within the 
context of regional mapping studies (Imlay and 
Detterman, 1973; Imlay, 1981). New biostrati-
graphic and geochronologic data collected within 
the context of measured stratigraphic sections set 
limits on the age range of individual lithofacies 
associations (Figs. 3–5). Age data and methods 
are presented in Table 1 and Tables DR1–3.1 
Our new age data demonstrate early Oxfordian 
to early Kimmeridgian (ca. 159–152 Ma; Fig. 3) 
deposition of the lower Naknek Formation (Jn1, 
Jn2 in Figs. 4 and 5). Oxfordian foraminifera 
and radiolaria microfossils were obtained from 
samples spanning ~600 m of the lower Naknek 
Formation (Fig. 5; Table DR1; M. Mickey and 
S. Kling, personal commun., 2001). A middle 
to late Oxfordian ammonite was also collected 
from the lower Naknek Formation (Phylloceras 
iniskinense; Fig. 5; Fig. DR1), consistent with 
previously reported early to late Oxfordian 
ammonites from the Naknek Formation (Fig. 3; 
Imlay, 1981). Buchia concentrica bivalves in 
the upper part of the lower Naknek Formation 
indicate that deposition continued through late 
Oxfordian to early Kimmeridgian time (Fig. 5; 
Fig. DR1A–1C). U-Pb zircon analyses of igne-
ous clasts from lower Naknek Formation con-
glomerate beds provide crude maximum ages 
of deposition that support the biostratigraphic 
data. Chemical abrasion analysis of zircons 
from three plutonic clasts yielded pre-Oxford-
ian ages (Figs. 3 and 6; 167.6 ± 0.3 Ma; 166.5 
± 0.2 Ma; 164–159 Ma). An early Kimmeridgian 
to early Tithonian (ca. 152–148 Ma) depositional 
age is inferred for the upper Naknek Formation 
(Jn3 in Figs. 4 and 5) based on the presence of 
Buchia mosquensi bivalves (Table DR2; Fig. 5; 
Fig. DR1). This biostratigraphic interpretation 
is supported by an Oxfordian U-Pb zircon age 
(156.2 ± 0.4 Ma) from a plutonic clast contained 
in an upper Naknek Formation conglomerate bed 
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1GSA Data Repository item 2005077, Figure DR1 
and Tables DR1–4, is available on the Web at http://
www.geosociety.org/pubs/ft2005.htm. Requests may 
also be sent to editing@geosociety.org.
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(Figs. 3 and 6). In summary, the lower 690 m 
of the Naknek Formation was deposited during 
early Oxfordian to early Kimmeridgian time, 
whereas the upper 225 m of the Naknek Forma-
tion was deposited during early Kimmeridgian to 
early Tithonian time.

Sedimentological Data

The Naknek Formation in the Talkeetna 
Mountains consists of conglomerate, sandstone, 
mudstone, and limestone as much as 915 m thick. 
Facies analyses, paleocurrent determinations, and 
particle size data were obtained within the context 
of 23 bed-by-bed measured stratigraphic sections 
and 28 isolated outcrops (Fig. 2). Representative 
measured sections are shown in Figure 5. Paleo-
current indicators were measured from 26 beds at 
12 different locations, totaling 207 measurements 
(Fig. 1B). Particle size data were collected from 
126 conglomerate beds at 17 locations, totaling 
930 measurements (Figs. 4 and 5). The excellent 
lateral continuity of outcrops and lack of intense 
structural deformation permitted two-dimen-
sional observations of depositional architecture 
and facies associations over hundreds of meters 
to several kilometers. Collectively, these data 
characterize three lithofacies associations: fan 
delta, prodelta, and marine shelf. In the follow-
ing section, each facies association is briefl y 
described and interpreted.

Fan-Delta Lithofacies Association
Conglomeratic outcrops of the fan-delta litho-

facies association are exposed exclusively along 
the northern margin of the outcrop belt (Jn1 in 
Figs. 2, 4, and 5). The fan-delta lithofacies asso-
ciation has a maximum preserved thickness of 
400 m, contains southward-directed paleocur-
rent indicators (Fig. 1B), and consists of fi ve 
dominant lithofacies: A1–A5.

Lithofacies A1 consists of poorly sorted, 
disorganized, matrix- to clast-supported pebble-
cobble-boulder conglomerate (Figs. 7A and 7B). 
Subangular to subrounded clasts are encased by 
a poorly sorted matrix of sandstone and sparse 
mudstone. Boulders 1–2.5 m long are common. 
Individual beds are laterally persistent for sev-
eral tens of meters. Most conglomerate beds 
have nonerosive bases and lack stratifi cation but 
locally exhibit inverse grading. Lithofacies A1 
is interpreted as being deposits of debris fl ows, 
hyperconcentrated fl ows, and fl uidal sediment 
fl ows. Poor sorting, sand matrix, and limited 
clay content suggest deposition mainly by cohe-
sionless debris fl ows in which clast support was 
maintained through frictional dispersion from 
high basal shear stresses and clast buoyancy 
related to high sediment concentrations (e.g., 
Nemec and Steel, 1984).

Lithofacies A2 is nongraded, clast-supported, 
pebble-cobble conglomerate. Clasts are sub-
rounded to well rounded and moderately sorted. 
Most beds are structureless, but horizontal strati-
fi cation and clast imbrication are present locally. 
Broadly lenticular over several tens of meters, 
individual beds are medium to thick bedded and 
contain belemnite fossils. Lithofacies A2 rep-
resents high-density, noncohesive debris fl ows 
transitional to hyperconcentrated fl ows (e.g., 
Lowe, 1982) that may have moved as pulsating 
surges (Nemec and Steel, 1984). The high clast 
concentration and lack of grading indicate that 

dispersive pressure played an important role in 
fl ow processes and that turbulence did not play 
a major role in supporting clasts.

Lithofacies A3 comprises inverse to nor-
mally graded, pebble-cobble conglomerate. 
Clasts are angular to rounded and poorly to 
moderately sorted. Matrix is dominated by 
medium- to coarse-grained sandstone. Beds 
are broadly lenticular and medium to thick 
bedded with sharp bed bases. Lithofacies A3 
was deposited by currents transitional between 
grain fl ow and turbulent fl ow. Initially, inversely 
graded traction carpets formed due to high dis-
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Figure 3. Stratigraphic chart showing age ranges of diagnostic megafossils recovered from 
the Naknek Formation, U-Pb ages of plutonic clasts from the Naknek Formation, and U-Pb 
ages of plutons in the Talkeetna Mountains. Megafossils are from this study (Tables DR1–
DR2; Fig. DR-1) and from Imlay (1981). See Figure 5 for fossil locations within stratigraphic 
sections. Buchia age ranges after Miller and Detterman (1985). See Table 1 for U-Pb data for 
plutonic clasts. U-Pb ages of plutons from Rioux et al. (2002). All U-Pb zircon errors are 2σ. 
Geologic time scale after Gradstein et al. (1994).
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persive pressures. In later stages of fl ow, fl uid 
turbulence became the major mechanism of 
sediment support with deposition occurring via 
suspension settling from high-density turbidity 
currents (e.g., Surlyk, 1984).

Lithofacies A4 consists of clast-supported, 
nongraded, granule-pebble conglomerate. Clasts 
are subrounded to rounded and moderately to 
well sorted. Beds are lenticular over 20–60 m, are 
medium bedded, have sharp bed bases, and con-
tain belemnite fossils. Lithofacies A4 represents 
deposits of high-density debris fl ows and turbidity 
currents judging by the tight packing of conglom-
erate clasts and lack of sedimentary structures 
(e.g., Lowe, 1982; Nemec and Steel, 1984).

Lithofacies A5, a minor component of the 
fan-delta facies association, consists of massive, 
unstratifi ed sandstone and mudstone. Sand-
stones are fi ne to coarse grained and moderately 
sorted. Beds are thin to thick and are broadly 
lenticular. Lithofacies A5 represents suspension 
settling from sediment gravity fl ows related to 
lithofacies A1–A4 and from buoyantly sup-
ported, midwater to surface plumes (e.g., Stow 
and Piper, 1984; Pickering et al., 1986).

In summary, lithofacies A1–A5 are dominated 
by conglomerate interpreted as the deposits of 
grain fl ows, debris fl ows, hyperconcentrated 
fl ows, and turbidity currents. The dominance of 

gravelly sediment-gravity-fl ow deposits, sparse 
marine megafossils, and southward-directed 
paleocurrent indicators suggests submarine 
deposition on an unstable, high-gradient, south-
dipping basin fl oor. The limited proximal-dis-
tal extent (3–5 km) and broad lateral extent 
(40 km) of this facies association (Grantz, 
1960a, 1960b) in combination with southward 
interfi ngering with fi ner-grained prodelta sedi-
ment gravity fl ow deposits (lithofacies B1–B4; 
Jn2 in Fig. 2) indicates deposition on coalesced 
gravelly fan deltas (e.g., Nemec and Steel, 1984; 
Postma, 1990).

Prodelta Lithofacies Association
Deposits of the prodelta lithofacies associa-

tion (Jn2 in Figs. 2, 4, and 5) have a maximum 
preserved thickness of ~690 m, grade northward 
into the fan-delta lithofacies association (Jn1 in 
Figs. 2, 4, and 5), and are characterized by four 
dominant lithofacies: B1–B4. Submarine chan-
nels are common within the prodelta lithofacies 
association at sections L, M, and N (Fig. 2). 
Channels are 15–50 m wide and 5–20 m deep 
with northwest-southeast- to north-south–trend-
ing axes that widen southward over several hun-
dred meters. Lithofacies B1–B4 are  preserved 
within the channel complexes as well as inter-
channel regions.

Lithofacies B1 consists of nongraded, peb-
ble-cobble conglomerate beds that are one to a 
few clasts thick (Fig. 5). A matrix of mudstone 
and fi ne-grained sandstone supports randomly 
oriented, subrounded clasts. Individual beds 
are laterally persistent and transform basin-
ward (southward) into mudstone with isolated 
clasts. Lithofacies B1 is interpreted as gravita-
tionally driven, near-bed movement of clasts, 
individually or as part of a group (debris fall, 
sensu Nemec, 1990). Downslope transitions 
from units a few clasts thick to isolated clasts 
in a mud matrix indicate fl ow transformations 
from grain-assemblage debris falls to single-
grain debris falls (e.g., Sohn et al., 1997). Beds 
that are multiple clasts thick probably resulted 
from saltating gravel clasts, whereas beds only a 
single clast thick likely resulted from rolling or 
sliding of individual clasts with infrequent or no 
clast collisions.

Lithofacies B2 comprises of thin- to medium-
bedded, very fi ne- to very coarse-grained sand-
stone (Figs. 7C–7F). Most thin-bedded sand-
stones are normally graded, whereas medium-
bedded sandstones are nongraded to crudely 
normally graded. Internally, most beds are 
structureless, although parallel laminae, dish 
structures, and ripple-cross-laminated cap-
pings are present locally. Sandstones have 
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sharp, low-relief bases and are laterally persis-
tent for several tens to hundreds of meters 
(Figs. 7C–7D). Fragments of belemnite and 
Buchia bivalve fossils are common. Lithofa-
cies B2 represents the deposits of low- to high-
density turbidity currents and minor debris 
fl ows produced partly by dilution and bypass-
ing of gravelly mass fl ows that deposited their 
gravel fraction in more proximal (northern) 
environments (e.g., Nemec, 1990).

Lithofacies B3 consists of thin-bedded 
micritic limestone. Beds are sharp based, mas-
sive to laminar, tabular, and laterally persistent 
for tens to hundreds of meters. Limestone beds 
contain horizontal burrows as well as sparse 

bivalve, belemnite, and ammonite fossils that 
are typically whole and articulated. Lithofacies 
B3 records suspension settling of calcareous 
marine clay and silt.

Lithofacies B4 is of gray to black, amal-
gamated mudstone sequences that are laterally 
persistent for hundreds of meters (Figs. 7C–7E). 
Sedimentary structures are generally lacking 
due to bioturbation and weathering, although 
faint parallel laminae are preserved locally. 
Radiolaria and thick-walled, agglutinated fora-
minifera are prevalent (Fig. 5). Calcareous con-
cretions contained in the mudstones are aligned 
parallel to bedding and contain whole ammonite 
fossils. Lithofacies B4 represents suspension 

settling of fi ne-grained sediment from the tails 
of turbidity currents and buoyantly supported, 
midwater to surface plumes (e.g., Stow and 
Piper, 1984; Pickering et al., 1986).

In summary, lithofacies B1–B4 are domi-
nated by interbedded mudstone and sandstone 
interpreted as slow suspension settling of mud 
during fair-weather conditions (B3, B4) and 
rapid deposition by turbidity currents (B2) and 
debris falls (B1). The prevalence of mudstone 
and sandy turbidity current deposits, marine 
fossils, and minor channels indicate submarine 
deposition on a relatively steep, channelized 
basin fl oor. The north-south trend of submarine 
channels, southward fi ning of lithofacies A1, 
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and northward interfi ngering of lithofacies B1–
B5 with conglomeratic mass fl ows of lithofacies 
A1–A5 suggest deposition on a southward-dip-
ping prodelta slope characterized by episodic 
sediment gravity fl ows.

Siliciclastic Shelf Lithofacies Association
The shelf lithofacies association has a 

maximum preserved thickness of ~255 m, 
depositionally overlies the prodelta lithofacies 

association (Fig. 7G), and includes three main 
lithofacies: C1–C3 (Jn3 in Figs. 2, 4, and 5).

Lithofacies C1 consists of medium- to 
coarse-grained, nongraded to stratifi ed sand-
stone. Grains are subrounded to rounded and 
moderately sorted. Sedimentary structures 
include horizontal stratifi cation, planar and 
trough cross-stratifi cation, and symmetrical 
ripple stratifi cation. Sandstones are medium 
to thick bedded, tabular, and amalgamated 

(Fig. 7G); bioturbated mudstones locally sepa-
rate sandstone beds (Fig. 7H). Disarticulated 
Buchia bivalve megafossils and subvertical 
biogenic structures are common. Lithofacies C1 
represents shallow marine sandstone deposited 
as bedload traction currents in shoreface to inner 
siliciclastic shelf environments. The prevalence 
of horizontal stratifi cation and Buchia fossils 
indicates deposition under high-energy condi-
tions above normal wave base.

TABLE 1. U-PB ZIRCON AGE DATA FOR PLUTONIC CLASTS FROM NAKNEK FORMATION CONGLOMERATE, TALKEETNA MOUNTAINS, ALASKA

Step Step T† wt.‡ U§ % tot. U# Isotopic ratios Ages (Ma)
208Pb/206Pb†† 204Pb/206Pb†† 207Pb*/206Pb*‡‡ 206Pb*/238U6 206Pb/238U§§ 2σ 207Pb/235U§§ 2σ 207Pb/206Pb§§ 2σ

Bil 1–177 (6.75 mg, 144 ppm U)##

a 160 0.30 1007 31.7 0.1347 0.00221 0.05017 (1.7) 0.023452 (0.3) 149.4 0.3 152.6 2.6 202.8 39.7
b 170 0.31 302 9.6 0.06824 0.0000606 0.04945 (0.11) 0.024412 (0.3) 155.5 0.3 156.3 0.5 169.1 2.5
c 180 0.73 184 14.0 0.07723 0.0000595 0.04934 (0.11) 0.024479 (0.3) 155.9 0.3 156.4 0.5 163.9 2.5
d 180 1.23 113 14.3 0.08838 0.0000530 0.049337 (0.07) 0.024543 (0.3) 156.3 0.3 156.8 0.5 163.9 1.6
e 190 1.28 84 11.1 0.09801 0.0000354 0.049230 (0.10) 0.024577 (0.3) 156.5 0.3 156.7 0.5 158.8 2.3
f 190 1.32 70 9.5 0.1074 0.0000653 0.049271 (0.11) 0.024463 (0.3) 155.8 0.3 156.1 0.5 160.7 2.7
g RES 1.58 61 9.9 0.1143 0.0000355 0.049319 (0.08) 0.024553 (0.3) 156.4 0.3 156.8 0.5 163.0 2.0
Sample age††† 156.2 0.4 (weighted mean of steps c–g)

AMM CC-1 (1.65 mg, 217 ppm U)##

a 160 0.04 460 5.5 0.4364 0.00899 0.0479 (8.6) 0.024061 (1.2) 153.3 0.3 149.7 13.0 93.4 205.7
b 170 0.11 319 9.8 0.1025 0.000113 0.04970 (0.25) 0.026101 (0.3) 166.1 0.3 167.1 0.6 181.1 5.9
c 180 0.35 210 20.7 0.1189 0.0000391 0.049611 (0.10) 0.026305 (0.3) 167.4 0.3 168.0 0.5 176.8 2.5
d 180 0.35 199 19.3 0.1332 0.0000427 0.049515 (0.11) 0.026345 (0.3) 167.6 0.3 167.9 0.5 172.3 2.7
e 190 0.50 203 28.1 0.1412 0.0000389 0.049495 (0.07) 0.026379 (0.3) 167.8 0.3 168.1 0.5 171.3 1.7
f RES 0.30 197 16.6 0.1487 0.0000497 0.049487 (0.15) 0.026347 (0.3) 167.6 0.3 167.9 0.6 171.0 3.5
Sample age††† 167.6 0.3 (weighted mean of steps c–f)

Par CC3-a (1.84 mg, 411 ppm U)##

a 160 0.11 2668 38.4 0.1162 0.000701 0.04955 (0.52) 0.024290 (0.3) 154.7 0.3 155.9 0.9 173.7 12.4
b 170 0.18 607 14.0 0.1088 0.0000242 0.049578 (0.07) 0.026193 (0.3) 166.7 0.3 167.2 0.5 175.3 1.7
c 180 0.50 320 21.0 0.1212 0.0000197 0.049408 (0.08) 0.026179 (0.3) 166.6 0.3 166.6 0.5 167.3 2.0
d 180 0.54 186 13.2 0.1276 0.0000306 0.049515 (0.10) 0.026102 (0.3) 166.1 0.3 166.5 0.5 172.3 2.3
e 190 0.36 189 8.9 0.1337 0.0000385 0.049503 (0.09) 0.026158 (0.3) 166.5 0.3 166.8 0.5 171.7 2.3
f RES 0.16 203 4.4 0.1425 0.000117 0.04940 (0.28) 0.026169 (0.5) 166.5 0.3 166.6 1.1 167.1 6.6
Sample age††† 166.5 0.2 (weighted mean of steps b–f)

Par CC3-b (0.14 mg, 239 ppm U)##

a 160 0.01 1432 24.5 0.5374 0.0126 0.0495 (13) 0.02285 (1.8) 145.6 0.5 147.2 19.6 173.3 314.4
b 170 0.01 433 17.8 0.1294 0.000379 0.04832 (1.2) 0.02574 (0.5) 163.8 0.5 160.7 2.1 115.0 28.9
c 180 0.04 213 26.8 0.2343 0.00302 0.0500 (2.5) 0.02575 (0.5) 163.9 0.5 166.0 4.2 197.0 59.0
d 180 0.04 134 14.9 0.1451 0.000598 0.05056 (1.3) 0.02555 (0.5) 162.6 0.5 166.4 2.4 220.6 32.2
e RES 0.04 132 16.0 0.1543 0.000571 0.04831 (2.0) 0.02505 (0.5) 159.5 0.5 156.7 3.2 114.7 46.8
Sample age††† 164–159

†Samples were analyzed using the chemical abrasion technique developed by Mattinson (2001a, 2001b, 2003). For each sample, one zircon fraction was annealed at 
900ºC for 48 h and then dissolved in 5–7 discrete steps. Digestion temperatures are listed in column 1. Low temperature clean-up steps (steps a and b) are intended to 
preferentially remove high U layers in the zircon population that are effected by extensive radiation damage and secondary Pb loss. All digestions were done in a ~10:
1 HF-HNO3 solution. RES indicates total digestion of the fi nal zircon residue. Uranium and Pb were separated using standard ion exchange columns miniaturized after 
Krogh (1973) and analyzed on the Finnigan MAT-261 at the University of California, Santa Barbara.

‡Weight (mg) of zircon dissolved in each digestion step. Weights were determined by ICP-ES analysis of sample solutions and are accurate to ~10%.
§Uranium concentrations (ppm) of dissolved zircon.
#Percentage of the total U released by each step.
††Observed isotopic ratios corrected for fractionation based on replicate analyses of NBS Pb standard 983, and corrected for 208Pb, 207Pb, 206Pb, 204Pb, 238U, and 235U in 

the 205Pb/235U spike.
‡‡Radiogenic 207Pb/206Pb and 206Pb/238U ratios corrected for fractionation (see above), spike composition, and common Pb isotopic values of 207Pb/204Pb = 15.6 and 206Pb/

204Pb = 18.7. The reported 207Pb/206Pb and 206Pb/238U ratios are additionally corrected for initial exclusion of 80% of the 230Th from the 238U decay chain. Two sigma errors, 
shown in parentheses, follow Mattinson (1987).

§§Ages (Ma) calculated using 238U/235U = 137.88 and decay constants of 238U = 1.5513 × 10–10 yr–1 and 235U = 9.8485 × 10–10 yr–1. All 207Pb/206Pb ages were calculated with 
the Isoplot/Ex program developed by Ludwig (1999). Age uncertainties are 2σ absolute errors.

##Weight and U content of the total zircon fraction used in the chemical abrasion analysis.
†††Weighted mean of the 238U/206Pb ages excluding low temperature clean-up steps. For Par CC-3b the high temperature steps do not defi ne a single age but suggest 

a crystallization age between 164 and 159 Ma.
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Lithofacies C2 consists of highly variable 
beds that contain massive concentrations of 
calcareous fossil shell material with a range of 
preservation and taphonomic features. Most 
shell beds are 5–25 cm thick and broadly len-
ticular with nonerosive bases. Shells of Buchia 
bivalves are dominant and range from whole 
articulated valves indicative of life position 
to broken and abraded fragments suggestive 
of relatively high energy concomitant with 
transport. Some units include coquinoid Buchia 
bivalve accumulations with large numbers 
of disarticulated valves and a proportion of 

articulated specimens densely packed within 
a matrix of sandstone and shell hash (Fig. 7J). 
Articulated, life-position bivalves commonly 
occupy the upper part of individual shell beds. 
The preserved bivalve fauna is typical of shal-
low, high-energy marine environments (e.g., 
Miller and Detterman, 1985). Taphonomic 
features indicate alternating conditions between 
episodes of reduced sediment infl ux and storm 
sedimentation (e.g., Kidwell, 1991).

Lithofacies C3 comprises massive siltstone. 
Siltstones are gray, black, or tan, and range 
from noncalcareous to calcareous. Bedding and 

stratifi cation are rarely preserved as a result of 
bioturbation and weathering. Individual beds 
are amalgamated into monotonous sequences 
up to 20 m thick (Fig. 7I). Abundant bivalve, 
belemnite, and ammonite fossils are domi-
nantly whole and articulated. Lithofacies C3 
records suspension settling of clay and silt from 
buoyantly supported midwater- and/or surface-
plumes in open-marine environments (e.g., 
Stow and Piper, 1984; Pickering et al., 1986).

In summary, lithofacies C1–C3 is dominated 
by cross-stratifi ed sandstone, coquina, and 
mudstone deposited by oscillatory currents and 
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Figure 7. Photographs of fan-delta 
(A–B), prodelta (C–F), and shelf 
(G–J) lithofacies associations of the 
Naknek Formation. See Figures 2 and 
5 for section locations. (A) Disconfor-
mity (white line) separating upper-
most Chinitna Formation and lower-
most Naknek Formation at section B. 
Naknek Formation outcrop is ~400 m 
thick and consists of boulder-cobble 
conglomerate. (B) Poorly to moder-
ately sorted conglomerate at section 
H. Individual conglomerate beds are 
inversely graded locally (e.g., knee to 
head of person). (C) Mudstone (dark 
units) and laterally persistent massive 
sandstone (light units) in middle of 
section S. Outcrop is 200 m thick. (D) 
Mudstone (dark recessive units) and 
laterally persistent massive sandstone 
beds (light units) near base of section 
R. Person (center) is standing next to 
80-cm-thick, sharp-based, normally 
graded sandstone bed. (E) Thin-bed-
ded, sharp-based sandstones (light 
units) and massive black mudstone 
at section V. Person (left center) for 
scale. (F) Close-up of sharp-based, 
normally graded sandstone shown in 
(E). Pencil for scale. (G) Transition 
from prodelta (Jn2) to siliciclastic 
shelf (Jn3) lithofacies association at 
section U. Note black mudstone and 
thin-bedded, laterally persistent sand-
stone in upper part of prodelta litho-
facies (lower left) and amalgamated 
massive sandstone beds in shelf litho-
facies (upper right). Person (lower 
right) for scale. (H) Close-up of mas-
sive sandstone (light units) and thin, 
interbedded mudstone (dark units) 
of shelf lithofacies association at sec-
tion V. (I) Mudstone with calcareous 
concretions and thin-bedded massive 
sandstone of the uppermost Naknek 
Formation (lithofacies association F4 
at section U). Person (upper right) for 
scale. (J) Shell bed containing dense 
accumulation of Buchia mosquensis 
bivalve fossils from section T. Length 
of scale is 10 cm.
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combined fl ow (A1 and A2) as well as suspen-
sion settling (A3). The prevalence of open-
marine megafossils, coquina, and wave-formed 
sedimentary structures in combination with 
the absence of sediment gravity fl ow deposits 
indicates deposition on a marine shelf above 
storm-wave base.

Compositional and Provenance Data

Quantitative provenance data have not been 
reported previously from the Naknek Formation 
in the Talkeetna Mountains. New clast counts 
from conglomerate (n = 1,339), modal analysis 
of sandstone thin sections (n = 7), and U-Pb 
zircon geochronology of plutonic clasts (n = 4) 
document source terranes that contributed detri-
tus during Late Jurassic sedimentation. Compo-
sitional data were obtained from conglomerate 
beds in the fi eld by tabulating the lithology of all 
pebble-, cobble-, and boulder-sized clasts within 
a 1–5 m2 outcrop face, yielding a minimum pop-
ulation of 100 clasts per bed. Samples were also 
collected from potential source terranes and thin 

sections were prepared to compare clast types 
with inferred source rocks. Megascopic fi eld 
identifi cations were checked through thin-sec-
tion analysis of representative samples of each 
clast type. Conglomerate compositional data 
are presented in Figure 8 according to relative 
stratigraphic position. See Szuch (2002) for 
raw clast count data and detailed petrographic 
descriptions of clasts and source terranes. Thin 
sections of medium-grained sandstones from a 
continuous measured section (M in Fig. 5) were 
point counted. See Table 2 for point-counting 
parameters and recalculated point-count data. 
Point-count methods and data are presented in 
Table DR3.

Conglomerate Data
Conglomerates of the Naknek Forma-

tion are polymictic and moderately to poorly 
sorted with subangular to rounded clasts. 
Conglomerates consist almost exclusively of 
igneous clast types (96% of total population), 
including volcanic (72%) and plutonic (24%) 
varieties. Plutonic clast types are dominated 

by felsic varieties, including hornblende-bio-
tite granite, hornblende-biotite quartz diorite, 
granodiorite, tonalite, quartz diorite, granite, 
and quartz monzonite. Effusive volcanic clast 
types are dominated by mafi c varieties that 
comprise three groups: basalt, greenstone, and 
mafi c volcanic (Fig. 8; Fig. DR2). Basalt clasts 
include gray, black, and gray-green varieties 
with aphanitic to aphanitic-porphyritic textures. 
Weakly foliated to nonfoliated greenstones are 
aphanitic to porphyritic and contain plagioclase 
phenocrysts that are altered to epidote and chlo-
rite. Mafi c nonbasalt clasts include porphyritic 
andesite, aphanitic andesite, and porphyritic 
basaltic andesite. Minor felsic effusive clasts 
include gray to brown rhyolite and gray dacite. 
Rare noneffusive volcanic clasts include gray-
green siliceous tuff and gray crystal-vitric tuff. 
Minor sedimentary and metamorphic clasts are 
polymictic pebble conglomerate, feldspathic 
sandstone with Buchia bivalve fragments, black 
siltstone, gneiss, amphibolite, and phyllite. 
Sparse siliceous clasts consist of white, massive 
quartz and black, gray, and green chert.
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Figure 8. Histograms showing stratigraphic variation in composition of Lower to Upper Jurassic conglomerates in the southeastern Tal-
keetna Mountains. n—number of clasts counted. Clast counts from the Naknek Formation are exclusively from proximal (northern) sections 
(B through I in Fig. 2). Clast counts from the Talkeetna and Chinitna Formations are from sections A and E in Figure 2. Note dominance of 
igneous clast types and upsection increase in plutonic detritus from Lower Jurassic to Upper Jurassic conglomerates. Lower Jurassic con-
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Late Jurassic conglomerates contain more abundant plutonic clasts (9%–42%; mean = 24%). See text for description of clast types.
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Sandstone Data
Naknek Formation sandstones point counted 

for this study are medium grained and mod-
erately sorted with subangular to subrounded 
framework grains. Sandstones are enriched in 
feldspar and have minor proportions of quartz-
ose and lithic grains. Modal percentages are 
dominated by plagioclase feldspar, volcanic 
lithic grains, pyroxene, hornblende, and mono-
crystalline quartz. Mean modal compositions are 
Q

1
F

95
L

4
, Lv

99
Ls

0
Lm

1
, and Qm

1
P

98
K

1
 (Table 2). 

Common framework grains are described below 
in order of decreasing abundance. Plagioclase 
feldspars are subangular with variable altera-
tion; sericite and authigenic albite are common. 
Plagioclase feldspars are observed as individual 
grains or laths in volcanic lithic grains. Volca-
nic lithic grains are unaltered to highly altered 
and include three common varieties: (i) felsitic 
texture with subhedral to euhedral plagioclase 
and hornblende phenocrysts in a seriate ground-
mass; (ii) porphyritic lathwork texture with sub-
hedral to euhedral plagioclase phenocrysts in an 
aphanitic felsic matrix; and (iii) felsitic texture 
with aphanitic plagioclase and chert. Unstable 
accessory minerals make up 11% of the modal 
composition and include euhedral to subhedral 
clinopyroxene, orthopyroxene, hornblende, 
olivine, magnetite, sphene, and zircon. Minor 
low-grade, phyllosilicate-rich metamorphic 
grains are biotite schist and phyllite. Sparse 
clastic sedimentary lithic grains are dominated 
by shale and coarse siltstone.

U-Pb Clast Geochronology
Four felsic plutonic clasts were selected from 

the lower and upper Naknek Formation for U-Pb 
geochronologic analyses. The stratigraphic posi-
tions of the geochronology samples are shown 
in Figure 5. One fraction from each clast was 
annealed and then digested in multiple stages, 

following the chemical abrasion technique 
developed by Mattinson (2001a, 2001b, 2003). 
Table 1 and Figure 6 show the geochronologic 
data and analytical details. Felsic plutonic clasts 
from the lower Naknek Formation yield concor-
dant Middle Jurassic U-Pb zircon ages (167.6 
± 0.3 Ma; 166.5 ± 0.2 Ma, ca. 164–159 Ma). 
A felsic plutonic clast from the upper Naknek 
Formation yields an Upper Jurassic U-Pb zircon 
age (156.2 ± 0.4 Ma).

Provenance Summary
Compositional, geochronologic, and sedi-

mentologic data from the Naknek Formation 
indicate derivation mainly from igneous source 
terranes that are presently exposed along the 
arcward (northern) margin of the forearc basin 
deposits. Paleocurrent indicators demonstrate 
consistent southward-directed sediment trans-
port (Fig. 1B). Textural data show a progres-
sive southward decrease in grain size from 
boulder- and cobble-sized clasts along the 
Little Oshetna fault to pebble-sized clasts in 
southern outcrops (Figs. 4 and 5). Lithofacies 
associations document southward transitions 
from proximal gravelly mass-fl ow deposits to 
distal turbidity-current deposits (Fig. 4). Igne-
ous sources are indicated by the dominance 
of volcanic and plutonic clasts in the gravel 
fraction and the prevalence of feldspar, vol-
canic-lithic fragments, and unstable accessory 
minerals in the sand fraction. Detritus was 
most likely derived from plutonic and volcanic 
rocks presently exposed in the hanging wall of 
the Little Oshetna fault (LF in Fig. 1B), where 
Middle to Upper Jurassic felsic plutons (Ji and 
Jt in Fig. 1B) intrude the Talkeetna Formation, a 
3,000-m-thick sequence of Lower Jurassic vol-
canic strata (JTrt in Figs. 1B and 2). Talkeetna 
Formation volcanic rocks exposed along the 
northern basin margin are dominated by mafi c 

lava fl ows that are petrographically similar to 
basalt, andesite, and greenstone clasts contained 
in Naknek Formation conglomerate (Fig. DR2; 
Szuch, 2002). Felsic plutonic clasts yield con-
cordant U-Pb zircon ages (Table 1; Figs. 5 and 
6) that overlap U-Pb zircon ages from petro-
graphically comparable plutonic source terranes 
(Figs. 3 and 9; Szuch, 2002; Rioux et al., 2002, 
2003). Late Jurassic exhumation of the felsic 
plutons is supported by K-Ar and Ar-Ar ages 
(174–143 Ma; Csejtey et al., 1978; P.W. Layer, 
2003, personal commun.) that record cooling of 
the plutons through the biotite closure tempera-
ture contemporaneous with conglomerate depo-
sition. The outsized nature of plutonic clasts in 
the conglomerates in combination with the pau-
city of quartzose framework grains in sandstone 
suggest relatively minor reworking of plutonic 
debris prior to deposition. Exhumation of the 
felsic plutons is also indicated by progressive 
upsection increases in the proportion of plutonic 
clasts in Lower Jurassic (0%), Middle Jurassic 
(8%), and Upper Jurassic (24%) conglomerate. 
These data support previous mapping studies 
that reported upsection increases in plutonic 
detritus in Middle to Upper Jurassic sedimen-
tary strata and inferred derivation from north-
ern igneous sources (e.g., Grantz et al., 1963; 
Winkler, 1992; Detterman et al., 1996). Minor 
sedimentary and metamorphic clasts contained 

TABLE 2. RECALCULATED MODAL POINT-COUNT DATA FROM THE NAKNEK FORMATION

Sample Q F L Lv Ls Lm Qm P K Lv F DO

M-632 0.01 0.94 0.05 0.94 0.00 0.06 0.01 0.99 0.00 0.04 0.83 0.13
M-517 0.03 0.93 0.04 1.00 0.00 0.00 0.03 0.97 0.00 0.03 0.81 0.16
M-282.75 0.00 0.93 0.07 1.00 0.00 0.00 0.00 0.99 0.01 0.06 0.79 0.15
M-119.5 0.02 0.97 0.01 1.00 0.00 0.00 0.02 0.98 0.00 0.01 0.86 0.13
M-53.0 0.02 0.90 0.08 1.00 0.00 0.00 0.02 0.94 0.04 0.07 0.83 0.10
M-44.6 0.01 0.99 0.00 1.00 0.00 0.00 0.01 0.99 0.00 0.00 0.95 0.05
M-20.25 0.01 0.99 0.00 1.00 0.00 0.00 0.01 0.99 0.00 0.00 0.94 0.06
Average 0.01 0.95 0.04 0.99 0.00 0.01 0.01 0.98 0.01 0.03 0.86 0.11
std 0.01 0.03 0.03 0.02 0.00 0.02 0.01 0.02 0.01 0.03 0.06 0.04

Notes: Sample numbers represent meters above base of Naknek Formation at measured section M in Figs. 
2 and 5. Raw parameters: Qm—monocrystalline quartz; P—plagioclase feldspar; K—potassium feldspar; 
Lvl—lathwork volcanic lithic fragment; Lvf—felsic volcanic lithic fragment; Lvh—highly altered volcanic lithic 
fragment; Lmm—mica schist lithic fragment; Cp—clinopyroxene; Op—opaque minerals; Ol—olivine; Hn—
hornblende; Sp—sphene. See Table DR3 for raw data. Recalculated parameters: Q—total quartzose grains 
(= Qm); F—total feldspar grains (= P + K); L—total unstable lithic grains (= Lvl + Lvf + Lvh + Lmm); Ls—total 
sedimentary lithic grains (none); Lm—total metamorphic lithic grains (= Lmm) Lv = total volcanic lithic grains 
(= Lvl + Lvf + Lvh); DO—total dense and opaque minerals grains (= Cp + Op + Ol + Hn + Sp).

150160170180 140 130 120 110 M

0

20

40

60

80

10

12

14

915 

186

88

294 Tuxedni Fm.

Chinitna Fm.

Naknek Fm. 

Nelchina 
Formation

Age (Ma)

Forearc 
basin uplift

TM magmatism

Arc uplift &
synorogenic

sedimentation

Figure 9. Stratigraphic thickness versus 
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in the Naknek Formation are not source diag-
nostic but are consistent with derivation from 
local northern source terranes. Metamorphic 
clasts are petrographically similar to pendants 
exposed on the margins of the felsic plutons 
(Jm in Fig. 1B). Sedimentary clasts represent 
reworked deposits of the Chinitna and Naknek 
Formation based on the similarities in texture, 
framework grains, and Buchia bivalve fossil 
fragments.

DISCUSSION

Late Jurassic Forearc Basin Development

Figures 10–11 show our preferred model of 
Late Jurassic–Early Cretaceous forearc basin 
development in the Talkeetna Mountains based 
on our new data from the Naknek Formation. 

This model includes the following three phases: 
(1) initial rapid sedimentation on a high-gradi-
ent depositional slope characterized by coarse-
grained marine sediment gravity fl ows; (2) 
relative sea-level decrease and siliciclastic shelf 
deposition; and (3) postdepositional basin fl oor 
uplift, unconformity development, and dextral 
strike-slip deformation.

Phase 1—Deep-Water Fan-Delta 
Sedimentation (Lower Naknek Formation)

During early Oxfordian to early Kimmeridg-
ian time (ca. 159–153 Ma), the lower Naknek 
Formation was deposited disconformably above 
Middle Jurassic (Callovian) fi ne-grained marine 
strata. Deposition of the Naknek Formation 
marked a pronounced increase in grain size and 
sedimentation rates relative to Middle Jurassic 
deposition (Fig. 9). Coarse-grained sediment 

was transported southward along a high-gra-
dient northern basin margin characterized by 
deep-water fan deltas (Fig. 10A). Proximal, 
gravelly debris fl ows and grain fl ows trans-
formed downslope into sandy turbidity currents 
on a channelized prodelta slope. A dominantly 
submarine origin is indicated by the encasement 
of mass-fl ow deposits within marine fossil-bear-
ing lithofacies and the lack of features indicating 
subaerial deposition (i.e., paleosols, desiccation 
features). Southward-directed paleocurrent indi-
cators, southward decreases in grain size, detri-
tal zircon ages, and compositional data indicate 
that detritus was derived mainly from Jurassic 
volcanic and plutonic source terranes exposed 
along the northern basin margin. Relatively 
high denundation rates in combination with 
steep depositional gradients prompted deposi-
tion of poorly sorted gravels with abundant 
meter-size plutonic clasts and sand enriched in 
feldspar, hornblende, and pyroxene. Accumula-
tion of several hundred meters of boulder-rich 
mass-fl ow conglomerate in the footwall of the 
Little Oshetna fault contemporaneous with 
exhumation in the hanging wall suggests syn-
depositional displacement. Diagnostic evidence 
for syndepositional footwall rotation (e.g., 
growth strata) has not been recognized. Ancient 
deep-water fan deltas comparable to the lower 
Naknek Formation are reported from eustatic 
highstands (see Higgs, 1990, for review), 
including Late Jurassic highstands (e.g., Stow et 
al., 1982; Surlyk, 1984).

Phase 2—Shelf Sedimentation (Upper 
Naknek Formation)

Sediment gravity fl ow deposits of the lower 
Naknek Formation were onlapped by shallow-
marine shelf strata of the upper Naknek Forma-
tion indicating a decrease in depositional gradi-
ents during Kimmeridgian time. Sedimentation 
was characterized by a combination of tractive 
transport and suspension settling processes, 
typically above storm-wave base (Fig. 10B). 
Continued exhumation of felsic plutons in 
the Talkeetna Mountains is indicated by a U-
Pb zircon age (156.2 ± 0.4 Ma) of a plutonic 
clast from the upper Naknek Formation, which 
contains early Kimmeridgian to early Tithonian 
megafossils (ca. 153–149 Ma).

Phase 3—Postdepositional Uplift And Strike-
Slip Displacement

The upper Naknek Formation was onlapped 
by Lower Cretaceous shallow marine sedi-
mentary strata across a disconformity that 
records a 10–15 m.y. hiatus (Fig. 9). The lack 
of signifi cant angular discordance across the 
unconformity indicates that the forearc basin 
was subaerially uplifted and exposed but not 

Figure 10. Schematic block diagrams showing preferred depositional model of the Naknek 
Formation during early to late Oxfordian (A) and early Kimmeridgian–early Tithonian (B) 
time. Nonmarine depositional environments are not illustrated because facies from those envi-
ronments are not preserved or exposed. The position of the Little Oshetna fault is tentatively 
inferred to be near the shoreline based on the steep marine depositional gradients, lack of pre-
served nonmarine strata, and Late Jurassic sea level highstand, which was up to 100 m higher 
than present (Haq et al., 1988). Stratigraphic data do not preclude a nonmarine position for 
the fault. See text for discussion. See Figures 1B and 2 for explanation of abbreviations.
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folded during latest Jurassic–earliest Cretaceous 
time. Renewed Cretaceous sediment accumula-
tion may have been accommodated in part by 
thermal subsidence via reestablishment of arc 
magmatism along the inboard margin of the 
basin (EK in Fig. 1A) in combination with fl ex-
ural subsidence along the outboard margin of 
the basin via thrusting along the Border Ranges 
fault (Pavlis et al., 1988) and/or expansion of the 
subduction complex (CG in Fig. 1A; Plafker et 
al., 1994). Middle Jurassic to Upper Cretaceous 
forearc basin strata were subsequently deformed 
by broad, open folds prior to strike-slip dis-
placement along the Little Oshetna and Castle 
Mountain faults.

Regional Stratigraphic Relationships

The Naknek Formation is the most wide-
spread Mesozoic formation exposed in the 
Peninsular terrane, occupying a 45-km-long 
outcrop belt in the southern Talkeetna Moun-
tains (Jsu in Fig. 1B) and a ~1150-km-long 
outcrop belt along the Alaska Peninsula (PB 
in Fig. 1A). Previous stratigraphic analyses of 
the Naknek Formation focused on the Alaska 
Peninsula outcrop belt (Lankford and Magoon, 
1978; Detterman and Reed, 1980; Detterman 
et al., 1996; Cucci et al., 1996; Wilson et al., 
1999). Integration of our new data from the 
Talkeetna Mountains with published data from 
the Alaska Peninsula demonstrates regional 
similarities in the stratigraphy, provenance, 
and structural setting of the Naknek Formation, 
including: (1) northward-dipping reverse faults 
juxtaposing northernmost Naknek Formation 
outcrops with Middle Jurassic plutons; (2) a 
disconformity with topographic relief separat-
ing the Naknek Formation from underlying 
Middle Jurassic sedimentary strata; (3) Oxford-
ian deposition dominated by proximal conglom-
eratic mass-fl ow deposits and distal sandstone 
turbidites, mudstone, and Buchia concentrica 
fossils; (4) Kimmeridgian-Tithonian shelf 
deposition dominated by cross-stratifi ed sand-
stone and Buchia mosquensis fossils; (5) mixed 
petrofacies with abundant felsic plutonic and 
mafi c volcanic clasts; and (6) disconformable 
upper contact with Lower Cretaceous strata 
recording latest Jurassic–earliest Cretaceous 
depositional hiatus. Collectively, these observa-
tions demonstrate similar depositional histories 
for the Naknek Formation outcrops exposed in 
the Talkeetna Mountains and Alaska Peninsula.

Our new stratigraphic data from the Naknek 
Formation also provide improved constraints 
on the amalgamation history of the Wrangel-
lia composite terrane. Stitching plutons dem-
onstrate juxtaposition of the Wrangellia and 
Alexander terranes by middle Pennsylvanian 

time (Gardner et al., 1988), but unequivocal 
cross-cutting linkages between the Peninsular 
terrane and the adjacent Wrangellia terrane have 
not been reported. Upper Jurassic strata exposed 
within the Peninsular (Naknek Formation) 
and Wrangellia terranes (Kotsina Conglomer-
ate, upper Root Glacier Formation) provide a 
regional stratigraphic linkage based on closely 
comparable depositional histories, including 
(1) deposition of conglomeratic marine mass-
fl ow deposits that contain Oxfordian-Kim-
meridgian mollusks; (2) a mixed petrofacies 
containing felsic plutonic clasts with Middle 
to Late Jurassic geochronologic ages; and 
(3) a regional disconformity with topographic 
relief that separates Middle and Upper Juras-
sic strata (Grantz, 1960a, 1960b; MacKevett, 
1969, 1978; Trop et al., 2002; this study). These 
sedimentologic, compositional, and strati-
graphic similarities suggest that the Peninsular 
terrane was joined with the combined Wran-
gellia-Alexander terrane by Late Jurassic time 
(Oxfordian- Kimme ridgian; 159–151 Ma). This 
stratigraphic linkage is compatible with the 
presence of early Late Jurassic (158–156 Ma) 
felsic intrusions within both the Peninsular and 
Wrangellia terranes in the Talkeetna Mountains 
(Snee et al., 2002; Rioux et al., 2002). Lithologi-
cally comparable Permian-Triassic strata are 
exposed in both the Peninsular and Wrangellia 
terranes, indicating a potentially longer shared 
history between the terranes (Plafker et al., 
1989; Nokleberg et al., 1994).

Postdepositional Strike-Slip Displacement

At least two major episodes of strike-slip 
faulting prompted lateral displacement of Late 
Jurassic forearc basin deposits in the Wrangel-
lia composite terrane. Displacement along the 
boundary between the Peninsular and Wran-
gellia terranes during the latest Jurassic–Early 
Cretaceous was characterized by overthrusting 
and ~40 km of sinistral strike-slip displacement 
along the Taral–West Fork fault system coeval 
with overthrusting along the Border Range fault 
(Fig. 1A; Plafker et al., 1989; Nokleberg et al., 
1994). In the Wrangell Mountains region, this 
deformation event juxtaposed Late Jurassic 
plutons (LJ in Fig. 1A) against the Chugach 
accretionary prism, tectonically removed any 
Jurassic forearc basin deposits, and placed 
Jurassic forearc basin deposits of the Talkeetna 
Mountains (MB in Figs. 1A and 11) along strike 
with Jurassic retroarc basin deposits of the 
Wrangell Mountains (WB in Figs. 1A and 11). 
Jurassic forearc basin deposits of the Matanuska 
Valley–Talkeetna Mountains were subsequently 
displaced by strike-slip movement along the 
Castle Mountain fault (CCF in Fig. 1A). Late 
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Figure 11. Sketch maps showing our 
preferred interpretation of the tectonic 
evolution of southern Alaska during late 
Mesozoic time. NAM—inboard terranes 
representing former continental margin of 
western North America. See Figure 1A for 
explanation of abbreviations and present 
distribution of sedimentary basins and tec-
tonic features. This reconstruction includes 
restoration of ~130 km of Cretaceous-Ter-
tiary dextral displacement along the Castle 
Mountain fault system (CCF in Fig. 1A) and 
~40 km of latest Jurassic–Early Cretaceous 
sinistral displacement and overthrusting 
along the Taral–West Fork fault system 
(TWF in Figs. 1A and 11C). Paleolatitudes 
are not indicated given the lack of reliable 
constraints from the Wrangellia composite 
terrane. See text for discussion.
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Cretaceous to Tertiary piercing points record 
20–40 km of dextral offset but do not constrain 
the timing of initial displacement (Grantz, 1966; 
Clardy, 1974; Detterman et al., 1976; Fuchs, 
1980; Trop et al., 2003). The present outcrop 
distribution of the Naknek Formation, Jurassic 
plutons, and the Little Oshetna/Bruin Bay fault 
systems across the Castle Mountain fault pro-
vides a potential Jurassic piercing point for Late 
Jurassic–Early Cretaceous dextral displace-
ment. Naknek Formation exposures in the Tal-
keetna Mountains and Alaska Peninsula record 
comparable depositional histories adjacent to 
coeval felsic plutons. The previously unmapped 
Little Oshetna fault (LF in Figs. 1A and 2) is 
comparable with the well-documented 480-
km-long Bruin Bay fault (BF in Fig. 1A; Det-
terman and Reed, 1980) of the Alaska Peninsula 
(PB in Fig. 1A). Both faults strike northeast, 
dip northwest, exhibit reverse displacement, 
and juxtapose Middle to Upper Jurassic felsic 
plutons in the hanging wall against Middle to 
Upper Jurassic marine strata in the footwall. 
The Bruin Bay fault is truncated by the Castle 
Mountain fault ~10 km north of Beluga, Alaska, 
along Olson Creek based on outcrop data in 
combination with subsurface wells and seismic 
profi les (Magoon et al., 1976). Correlation of 
the Little Oshetna and Bruin Bay faults would 
require ~110–130 km of post–Late Jurassic 
dextral displacement along the Castle Mountain 
fault. Our inability to map the precise location 
of the intersection of the Little Oshetna and 
Castle Mountain faults (Fig. 1A) prevents a 
more precise displacement estimate. This pro-
posed piercing point follows Hackett (1976), 
who proposed ~100 km of dextral displacement 
along the Castle Mountain fault based on offset 
Jurassic outcrop belts and geophysical anoma-
lies attributable to Jurassic igneous rocks. Post-
Jurassic offset of ~100–130 km along the Castle 
Mountain fault may refl ect substantial Mesozoic 
displacement or indicate that the Cretaceous to 
Tertiary markers underestimate the total dis-
placement along the fault.

Regional Tectonics and Basin Development

Late Jurassic exhumation and synorogenic 
sedimentation characterized forearc basins 
along the outboard (southern) segment of the 
Wrangellia composite terrane (PB, MB in 
Figs. 1A and 11) and retroarc basins along the 
inboard (northern) margin of the terrane (NB, 
KB, WB in Figs. 1A and 11; Manuszak and 
Ridgway, 2000; Trop et al., 2002; Ridgway 
et al., 2002; Eastham and Ridgway, 2002). 
Sedimentation began in each basin during 
Oxfordian to Kimmeridgian time based on 
age-diagnostic marine megafossils (Figs. 1A 

and 11; Richter, 1976; MacKevett, 1978; 
Imlay, 1981; Csejtey et al., 1992; Winkler, 
1992). Measured stratigraphic sections from 
each basin document deposition mainly by 
submarine mass fl ows on unstable, high-gradi-
ent slopes infl uenced by basin-margin faults 
(CF, LF, BF in Figs. 1A and 11). Diagnostic 
clasts, paleocurrent indicators, lithofacies tran-
sitions, and detrital zircon ages from Upper 
Jurassic forearc basin deposits in the Talkeetna 
Mountains demonstrate outboard- (southward) 
directed sediment transport related to exhuma-
tion of Middle to Upper Jurassic felsic plutons 
that intrude the Peninsular terrane. Forearc 
exhumation and sedimentation overlapped 
with retroarc thrust-related sedimentation in 
the Wrangell Mountains basin and unroofi ng 
of the Wrangellia terrane and Upper Jurassic 
plutons (Chitina Valley batholith of MacKev-
ett, 1978; Chitina arc of Plafker et al., 1989). 
Blind-thrust faults, source diagnostic clasts, 
and geochronologic ages of plutonic clasts 
(153 ± 1 Ma Ar-Ar age; 152 ± 6 Ma K-Ar age) 
in the Upper Jurassic Kotsina Conglomerate 
and Root Glacier Formation record syndepo-
sitional displacement and uplift along south-
dipping thrust faults (Chitina thrust belt, CF 
in Figs. 1A and 11) located inboard of Upper 
Jurassic Chitina arc plutons (Grantz et al., 
1966; Trop et al., 2002). Chitina arc plutons 
yield 153–150 Ma U-Pb zircon ages (Plafker et 
al., 1989; Roeske et al., 2003) and 146–138 Ma 
Ar-Ar and K-Ar ages (MacKevett, 1978; 
MacKevett et al., 1978; Winkler et al., 1980; 
Roeske et al., 1992, 2003).

Late Jurassic deformation and synorogenic 
sedimentation within the forearc basin and 
Chitina thrust belt were contemporaneous with 
subsidence and synorogenic sedimentation 
~60–100 km further inboard (northward) of the 
Middle to Upper Jurassic plutons in the Nut-
zotin and Kahiltna basins. Conglomerate clast 
counts and sandstone compositional data from 
the Nutzotin and Kahiltna basins record exhu-
mation of progressively deeper structural levels 
of the Wrangellia terrane during Late Jurassic–
Early Cretaceous deposition (Manuszak, 2000; 
Eastham and Ridgway, 2002). In the Nutzotin 
basin, felsic plutonic clasts in conglomerate 
and 159–147 Ma U-Pb detrital zircon ages 
from sandstone document exhumation of Upper 
Jurassic plutons. Paleocurrent data demon-
strate sediment fl ux away from the Wrangellia 
composite terrane in retroarc basins, including 
northward- to eastward-directed paleofl ow in 
the Nutzotin basin and northward- to northwest-
ward-directed paleofl ow in the eastern Kahiltna 
basin. Upper Jurassic–Lower Cretaceous strata 
exposed along the inboard margin of the Alex-
ander and Wrangellia terranes in southeastern 

Alaska (Gravina belt of Berg et al., 1972) 
record a similar erosional history. Clastic strata 
of the Gravina belt consist predominantly of 
marine sediment gravity fl ow deposits that were 
derived largely from Upper Jurassic arc source 
terranes, based on sandstone detrital modes 
(Cohen and Lundberg, 1993), granitic clasts 
with 158–154 Ma U-Pb zircon ages (Rubin and 
Saleeby, 1991), detrital zircons with 165–140 
U-Pb ages (Kapp and Gehrels, 1998), and detri-
tal biotites with 159–151 Ma Ar-Ar ages (Cohen 
et al., 1995).

We interpret Late Jurassic contractile defor-
mation, pluton exhumation, and synorogenic 
sedimentation in retroarc and forearc basins 
as refl ecting either initial accretion of the 
Wrangellia composite terrane to the margin of 
western North America or amalgamation of the 
Peninsular and Wrangellia terranes prior to fi nal 
accretion. Late Jurassic accretion is indicated 
by the regional, crustal-scale nature of uplift 
and derivation of retroarc basin detritus from 
inboard terranes in the northern Kahiltna basin 
in south-central Alaska (Eastham and Ridgway, 
2002) and the Gravina basin in southeastern 
Alaska (Gehrels et al., 1992; Kapp and Gehrels, 
1998). According to this model, subsequent late 
Early to Late Cretaceous folding and struc-
tural imbrication of retroarc basin deposits in 
south-central Alaska (Richter, 1976; Csejtey et 
al., 1982; Nokleberg et al., 1985; Manuszak, 
2000), Yukon Territory (Eisbacher, 1976), 
and southeastern Alaska (Rubin et al., 1990; 
Rubin and Saleeby, 1992; Gehrels et al., 1992; 
Haeussler, 1992; Haeussler et al., 1999) record 
postcollisional suturing of the terrane to the 
continental margin (e.g., Pavlis, 1982; McClel-
land et al., 1992; Gehrels, 2001; Ridgway et 
al., 2002; Trop et al., 2002). Alternatively, 
Late Jurassic–Early Cretaceous shortening 
and exhumation potentially refl ect subduction-
related deformation or initial juxtaposition of 
the Peninsular and Wrangellia terranes. The 
timing of Wrangellia-Peninsular amalgamation 
is loosely constrained by pre-Jurassic overlap 
assemblages (e.g., Nokleberg et al., 1994), and 
a detailed study of the terrane boundaries in the 
Talkeetna Mountains is necessary to resolve 
the Late Jurassic history of the two terranes. 
In interpreting the Naknek Formation as form-
ing in a collisional forearc basin setting and the 
Kahiltna-Nutzotin-Gravina basins as forming in 
a collisional retroarc setting, a dual plate-sub-
duction scenario is inferred (e.g., Monger et al., 
1982; Rubin et al., 1990; Stanley et al., 1990), 
with subduction polarity of both plates dipping 
to the north (present coordinates), one beneath 
the Wrangellia composite terrane, and the other 
beneath the North America continental margin. 
Structurally emplaced ophiolite slivers exposed 
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along the suture zone between the Wrangellia 
and Yukon composite terranes (Richter, 1976; 
Nokleberg et al., 1994) indicate the existence of 
a consumed oceanic plate. Moreover, the struc-
tural style of northeastward-dipping thrust faults 
and southwest-verging folds documented for the 
Nutzotin basin is consistent with a northward-
dipping subduction zone between the Wran-
gellia composite terrane and North America 
(Richter, 1976; Manuszak, 2000).

From a broader perspective, structural and 
stratigraphic relations in southeast Alaska–
British Columbia suggest initial collision of 
the Wrangellia composite terrane during the 
Middle Jurassic (e.g., McClelland and Gehrels, 
1990; McClelland et al., 1992; Lewis et al., 
1991; Thompson et al., 1991). Our data from 
south-central Alaska do not preclude Middle 
Jurassic collision, but evidence for regional 
deformation, exhumation, and synorogenic 
sedimentation is limited to Upper Jurassic and 
younger strata. Collectively, these regional 
relationships suggest diachronous accretion of 
the composite terrane (e.g., Pavlis, 1982, 1989), 
with the southeast Alaska–British Columbia 
segment colliding during Middle Jurassic time 
and the south-central Alaska segment collid-
ing during Late Jurassic time, consistent with 
westward younging of retroarc basin deposits 
in southern Alaska (Fig. 1A; Wallace et al., 
1989; Ridgway et al., 2002). Unfortunately, 
the paleolatitude of the composite terrane dur-
ing initial collision and subsequent northward 
translation is loosely constrained (e.g., Cowan 
et al., 1997). Positioned ~12° north of the 
equator during Late Triassic time (Hillhouse 
and Coe, 1994), the south-central Alaska seg-
ment was translated northward to moderate 
paleolatitudes (near present-day Oregon) by 
latest Cretaceous time (Stamatakos et al., 2001) 
before its Eocene arrival at its present position 
(Hillhouse and Coe, 1994). Paleomagnetic 
analyses from Upper Jurassic–Lower Creta-
ceous strata, including the Naknek Formation 
(J. Stamatakos, 2003, personal commun.) and 
Gravina belt (Butler et al., 1997), did not yield 
reliable primary magnetizations.

CONCLUSIONS

1. New biostratigraphic and geochronologic 
data from the Naknek Formation constrain the 
timing of deposition of individual lithofacies 
associations. The lower 690 m of the Naknek 
Formation was deposited during early Oxford-
ian to early Kimmeridgian time. The upper 
225 m of the Naknek Formation was deposited 
during early Kimmeridgian to early Tithonian 
time. These age data indicate that deposition 
of the coarse-grained lower Naknek Formation 

commenced contemporaneous with regional 
Late Jurassic crustal-scale shortening, pluton 
exhumation, and synorogenic sedimentation 
throughout the Wrangellia composite terrane.

2. Reconstruction of Naknek Formation 
depositional systems demonstrates that sedi-
mentation was initially characterized by a high-
gradient, southward-dipping basin fl oor during 
early Oxfordian to early Kimmeridgian time. 
Poorly sorted cobble-boulder conglomerate was 
deposited by submarine mass fl ows in proximal 
fan-delta environments. Gravelly mass fl ows 
transformed downslope into sandy turbidity 
currents on a channelized prodelta slope. Dur-
ing early Kimmeridgian–early Tithonian time, 
lower-gradient, shallow-marine shelf environ-
ments onlapped prodelta slope deposits prior to 
subaerial uplift of the basin fl oor.

3. Compositional data, U-Pb zircon ages of 
plutonic clasts, and southward-directed paleo-
current indicators from the Naknek Formation 
document Late Jurassic exhumation of Middle 
to Upper Jurassic plutons along the northern 
basin margin. Felsic plutonic clasts yield U-Pb 
zircon ages (167.6 ± 0.3 Ma; 166.5 ± 0.2 Ma, 
164–159 Ma, 156.2 ± 0.2 Ma) that are equiva-
lent to U-Pb zircon ages from petrographi-
cally similar felsic plutons exposed along the 
northern basin margin. The concentration of 
boulder-rich mass-fl ow deposits in the footwall 
of the northward-dipping Little Oshetna fault in 
combination with source-diagnostic clasts and 
geochronologic data is consistent with syndepo-
sitional displacement along the Little Oshetna 
fault. Steep depositional gradients prompted 
southward transport and deposition of poorly 
sorted gravel with abundant meter-size plutonic 
clasts and sand enriched in feldspar, hornblende, 
and pyroxene.

4. From a regional perspective, Late Jurassic 
synorogenic sedimentation and pluton exhu-
mation in forearc basins along the outboard 
(southern) segment of the Wrangellia composite 
terrane were coeval with crustal-scale shorten-
ing and synorogenic sedimentation in retroarc 
basins along the inboard (northern) margin in 
the Kahiltna, Nutzotin, and Wrangell Mountains 
basins. Exhumation of Middle to Upper Jurassic 
plutons as well as deep structural levels of the 
Wrangellia and Peninsular terranes provided 
abundant coarse-grained clastic sediment along 
both the inboard and outboard margins of the 
composite terrane from south-central to south-
eastern Alaska. We interpret the regional nature 
of Late Jurassic crustal-scale deformation and 
synorogenic sedimentation as refl ecting initial 
accretion of the composite terrane with the 
former continental margin of North America or 
amalgamation of the Wrangellia and Peninsular 
terranes prior to fi nal accretion.
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